ABSTRACT
several public astronomical object catalogs, including the Veron-Cetty and Veron 81 catalog of active galactic nuclei. We counted the number of TA events correlated 82 with objects in each catalog as a function of three parameters: the maximum an-83 gular separation between a TA event and an object, the minimum energy of the 84 events, and the maximum redshift of the objects. We determine combinations 85 of these parameters which maximize the correlations, and calculate the chance 
104
In this case, we expect that most of the observed cosmic rays of the highest energies 
113
The TA experiment observes UHECRs in the northern hemisphere using a Surface reduces the number of objects by ∼50%.
148
The paper is organized as follows. The observation status of the SD array and qualities
149
of reconstructed events are briefly described in Section 2. The details of the parameter 150 scanning in the correlation searches using the object catalogs are given in Section 3, and 151 the results are described in Section 4. We also investigated penalties for the multi-catalog 
157
The details of SD event reconstruction are described elsewhere (Ivanov et al. 2012 ; FD energy scale using a hybrid event set as described in the reference (Abu-Zayyad et al.
164
-8 -2011). The systematic uncertainty in energy determination is 22%.
165
The data quality cuts for the reconstructed events are the same as in the previous is greater than 45
• and/or the core position is within 1200 m of the SD array boundary.
168
The EAS reconstruction efficiency under these criteria is greater than 98% including the 
172
The number of events remaining after reconstruction and quality cuts is 988 for 173 E ≥10 EeV, 57 for E ≥40 EeV, and 3 for E ≥ 100 EeV. From our Monte-Carlo studies 
OBJECT CATALOGS

184
We use the catalogs of extragalactic objects resulting from measurements as listed in 185   Table 2 . In several catalogs, the objects near the Galactic plane are excluded to avoid 186 incompleteness from the experimental limitation by the authors of each catalog. We also 187 -9 -exclude the observed SD events in the corresponding regions.
188
The target objects and the cut criteria in the each catalog are summarized below.
189
These criteria (e.g. significance level) were chosen by the authors of the each catalog.
190
The 3CRR catalog contains radio galaxies detected at 178 MHz with fluxes greater cut away. We also examine the VCV catalog which is a compilation of several AGN surveys.
204
The number of objects and the SD events after the cuts applied in each case are given in 205   Table 3 . 
METHODS
207
For a given set of parameters (E min , ψ, z max ), there are N events with energies
208
E ≥ E min . We can count the number of events, k, out of N which are correlated with 209 objects in a catalog with redshifts z ≤ z max and within the angular separation ψ. We 210 can calculate the chance probability, P , that k or more correlated events are found from
211
-10 -an isotropic UHECR flux under the same conditions. We carry out a parameter scan in
212
(E min , ψ, z max ) space to find the set of parameters which maximizes the correlation between 213 the TA events and the catalog objects, i.e., minimizes P . To determine the probability, P ,
214
we first obtain the probability, p, that a random event is correlated with at least one object 215 by chance for a given (ψ, z max ). We generate 10 4 random events to obtain the probability, 216 p, in the same experimental region of the each catalog.
217
Then P can be obtained as a cumulative binomial probability:
The scan over parameters was performed as follows. step sizes are summarized in Table 1 .
229
The minimum P obtained from this procedure does not represent the correlation 230 probability directly, because the parameter scanning enhances the correlation probability should be evaluated and the true probability of correlation must include this penalty. This 233 will be described in Section 4.
234
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RESULTS
235
RESULTS OF THE PARAMETER SCAN ANALYSIS
236
The results of the parameter scan are listed in under the condition (E min , ψ, z max ) best which gives the smallest P obs min is shown in Figure 2 . If we repeat the same experiment and the parameter scanning many times, the value of concerns the uncertainty in the redshifts of the catalog objects.
279
Consider now the effect of the systematic uncertainty in energy determination. As correlation with the objects and the probability P obs min .
285
The last issue to discuss is the incompleteness of the catalogs, which remains even 
SEARCH FOR CORRELATIONS WITH A SPECIFIC TYPE OF
297
OBJECT
298
So far we have treated the objects in each catalog equally regardless of their class.
299
Now let us examine whether there is a specific type of object that has stronger correlations 300 with UHECRs than others. We will consider the case of the SB-AGN catalog which shows 301 strongest correlations with UHECRs. and 0.045, respectively. We see that the largest difference is for the Seyfert 1.5 galaxies.
314
The probability, P , of finding 5 or more correlated Seyfert 1.5 galaxies out of 22 by chance correlations by scanning over three parameters E min , ψ, and z max in six different catalogs.
325
The smallest chance probability among these six catalogs was found with the Swift BAT
326
(60-month) AGN catalog, P obs min = 1.3 × 10 −5 . This probability increases to P PPS = 0.01 327 when we include the penalty for the three-parameter scanning in the Swift BAT catalog
328
-15 -alone, and to P PPS+PCS = 0.09 when scanning in all the catalogs is taken into account.
329
Therefore, we conclude that no significant correlation with the considered catalogs of 330 extragalactic objects is found in the present TA data set. Investigating specifically the case 331 of the Swift BAT (60-month) AGN catalog which gives the strongest correlation, we find 332 that no particular subclass of objects is responsible for this correlation. Table 2 : List of the configuration of the used catalogs. N all : number of all objects contained within the catalog, N target : number of objects with the redshift z < 0.03 within the TA FOV.
-21 -
• otherwise SB-58M None 57 SB-AGN None 57 2LAC |b| <10
• 49 VCV None 57 0.25 Table 4 : Summary of correlations with the best parameter set (minimum threshold, Window size, maximum redshift) for each catalog. A: number of objects with the redshift ≤ z max , N: number of observed cosmic ray events with the energy E ≥ E min , k: number of events correlated with objects, p: probability of correlation for a single event from an isotropic distribution, P min : the cumulative binomial probability to obtain k or more estimated from an isotropic distribution, P PPS : the probability after including the penalties from parameter scanning. Each panel shows the probability distribution with Energy threshold (E min ) of observed cosmic rays (top), window ψ (middle), redshift z max (bottom). In the each plot, the other two parameters are fixed at which parameter set provides P min . 
